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THE HISTORY OF BACTERIA INHALATION

Rrp—

[(Following is a translation of an article by
V. Schiessle and H, Steiner of the Medical !
University Clinic in Freiburg i. Br., in Zen- !
tralblatt fur Biologische Aerosol Forschung
Tentral Publication for Blological Aerosol
livsearch), Vel 10, No 4/5, 1962, pp 304-325.
di1-430,

Bacteria and viruses are aercsols because, due to
their size, they act as suspended matter. . !

Following century-loug speculations concerning the
origin of infectious diseases, the observation of the small-
est organisms related to disease became increasingly more
frequent aftexr the invention of the microscope. The actual
relationships between irritant and disease were not recog-
aizad until the period of classical bacteriology, most out-
standingly resresented by L. Pasteur and R. Koch, This pe-
riod is briefly characterized in the first part of this ,
chapter, The second part deals in detail with experiments
of bacteria inhaled by animals, These were performed in the
late nineteenth and early twentieth century, and concentrat-
ed primarily on the tubercular bacillus,

Agents

In the search for the etiology of contagious diseases,
the miasma, which flcats in the surrounding atmosphere and
causes putrefaction in the body through inhalation, played
on important role as a '"pathological secretion’”, Galen
(129-210) ascribed this infectious putrefaction of the air
to unburied corpses (war epidewic), swamp exhalations, and
cicessive heat, Later, various putrescent processes were

!

l
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Spectulations Concerning the Lung as Entrance for Infection } ‘
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acdded to trhe list, and pathological exhalations from 1hic
. latcerior of the earth were assumed.

In the course of centurics, the concepl O coni;ion
wns added os opposed to that of miasma., After a wvov. -
w1 concepts, 2Pettenkoler in the sccond hals el tue .o -
A genrtury sirorived at the followin:g defi~ition: i, .
discasns are msiasmatic when the toxin coicis Liac OF ... .

o Irom the outside, regardless of its origing howcvc}. ~t
must mature outside the organism before it can become (i) 'c-
tious. Contagious discascs, on the other hand, are ce v
nicated by dircct contact From tuwly by hody e Phron o o0
wodlatton of infectod objerbn, wlbleat diee 4ot b '
havang to undergo changes.

Nurins the years, various theorics prevailed conc. .-

o

Ing tho ovigin and natuve of the pathological ageat.  &.o0y
SR hors vesarded the sadnseen aa et e oy e o Leovvs bae o by
tho ntuwonphero, forcing i way fnto the Bedy witiy oo AN
food, and through the pores, and causing puliroscctcu ol tiic
humours and tho spiritus vitalis. The naturo of coniii...
was oxplained by means of comparison, coxsunication fiou
onic body to another was compared to the gpreading of ucsco-
cence frua one apple to another. The obsorvation that l.uu
slightest trace of coantagious sufficed to infect the catlinse
organisa was compared to the old exporicnce that a snaii
cmount of cour dough would set a large amount of anctiher
dought in formentation. The many views councerning the ajei.
crystallized into three theories which prevailed uatil the
beginnings of modern bacteriology: poisoons, furments, or
live organisas.

With the invention of the micrscope (1590 by Jan.:2aj,
an unsuspectcd new world of tiny organisms became accessi-
bic to the eye. The idea of a contagium vivum became in-
creasingly more plausible, and Shortly afterwards 2 compiztie
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ielir pen~*tating into the blood, because it seencd to '™
Il the o . ue fissures werc too small, Initialiy T A
Lo Lo Mtie rost minute animalceules™ in plaat inluasic. L.

et ‘E?ﬁ. s ormull s oand Vrisberg nomed these 13:.:5~'“_ X

w8 Loy eoldie be Found in plant infusions. 0.7 ORI [
weiee ool ooLuad 1780 to classify isnfusorid, wikica, sl :
LNy anas wew pacteria as well, [H—TLvu, Chr. ShscGnov.

. ’
LsoLe O sysccaatic dissertation about infusoria,

lenle (1840) decisively svolic out for tie crigtonce a
of & con...mium vivun, at least in the casce ol nicsaatic-gon-
Liplous and purcly contagious diseases. lic was Jully aware
ol luc cond.tions which had to be fulfilled beforc o pzo..-
.30 cou’ . be considered the stimulant cf a discase: cou-
sitaint pruol, isolation, and testing of isoliated organisna.

L, Pasteurs experinents on fermentation hud a consideiruble
i.liucnce on the theory conceraing the contagium vivun,

In a hoated discussion with Licbig, Pasicur wis abic to

prove that the process of fermentation is conditioacd by
microoces rathor than by decaying nitrogen substances., 2Qutirc-
faction, too, was no other process than tho decompositios oi
orgwnic wattor causcd by microorganisas,

Pasieur's belief that cvery type of fermeniallon 4
chused by a specific microorganism brought us closcer to t.c¢
suea tiuatl a specific microorganism would have to wreprescnt
tie stimulaat., It was difficult to classify the multiiuce
of bacteria =- particularly the widely-described stimulants
of wound infoctions, to scparate them morphologicalily aad
bioliogically, aad to relate them to disease. The SquCth&t
developuoent led to the question whether well-characterizoc

and constant types of bacteria actually did exist, or uucthcz
in the end, there was only one type of highly variable bac-
teria. The solution was the cxistence of specific tipes of
bacteria, proved by Robert Koch in his fundamental works.

in his first dissertation on anthrax, which appeared in 1876,
he discussced the development of the anthrax bacillus after
having followed it under the microscope from sporec to spore,
and proved that anthrax in animals was produced only by in-
Jecting the anthrax bacillus or onc of its spores, but not
on¢c of the other bactieria.

Inportant 2ids in the research of patiiozenic micro- .
organisus were the production of suitable cultuire sedia For
Lacteria in vitro, an improved representation of bacteria
“aroitgh aniline dyes, and the use of a condensor (Aabbe) ia
illuminating microscopes. This research reached its pecic
in 1882 when Robert Koch discovered the tubercular baciiius.
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Tho f2¢% that air contains living organisms was first
proved by Zusrcnberg in 1838, and two years later by Gaul.*cA
¢ Glaubry. . At that time, however, little attention was
paid to these discoveries. It was Pasteur (1822-1895) vho
managzed to’ focus general interest on the importance of gecrms
1n tha atmosphere. Robert Koch (1831) successfully usc¢ RS

sedimcentation method to develop pathogealic geras Irom
,Ar in prepurcd media and to diffcrentiztc them cxtenux-n‘".

Chour, Pavier, Olivier, Fereol, Squirc, Iernet, . usi,
and others continued to investigate infection throuzh tio
-open air in typoid. Romano even stored a bouillon cultiure
mixed with dust in an ordinary room. The experiment negated
the possibility of air infection by typhoid bacilli, siace
the latter cannot survive beyond the degree of dryness necces-

- saxry to make the dust float in the atmosphere and becorc in-
. halable,

Adbel, Loffler, Park, Germano, and others published
thoir observations of air infection in diphtheria, and
Chatin, Solovyev, Zielienyev, Germano, and others published
obseﬁvations about aerogenous infection with streptococci.
Other scientists reported on the communication of chloers,
pestilence, and cerebro-spinal meningitis through the zir,
Other contributions of that period are discussed in detail
in the excellent summery by E. Germano, "The Communication
of Infectious Diseases through the Air," Zeitschrifit Hy=-
giene (Periodical for Hygiene), No 24, 25,728, 1897.

Inhalation Experiments and Tubercular Bacilli

The chief forerunners of this era were Schottelius
and Tappeiner, who published their findings around the tura
of the century, that is before the tubercular bacillus was
discovered.

Schottelius (1876), whose experiments regarding the
effect of inhaled substances had been discussed in 'The His-
tory oi Dust Inhalation," (9, 3/4), experimented with the
inhalation of organic dust particles which can be decomposed
in the lung in addition to the unorganic substances whose
effect is purely "mechanical"™. He used the sputum of several
tubercular phthisis patients, as well as of persons whose
diagnosis excluded the possibility of lung tuberculosis.
Other substances used were Limburger cheese and very fresh,
still warm brain of calves, pigs, and bulls,

The sputum used for inhala“lon thin liquid mucus,
ahd was 4adiluted with water uniil tace filtered solution

-4 -
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obtained a miliky white color and a somewhat oily coansistcacy.
The mctisd vns =8 follows: the animal was placed in a wood-
cn box waich corresponded to its size. 1Iroa bars divided .
t:.2 box into o small froat chamber. A collar and ciain keld
its hend towrrd the front., The walls of the back chamber
Coanr e~uieo-~od vith large air holes. Two sinmilar opeaing
srenoto o luend in the front chamber next to the cniraaceo
Vil oot on,  The funnel-like end of the speculum ot
siue wae froal chambor of the inhalation boolh was ccnncci-~
¢d a magrnificd Sicgel inhalator which rcduced the ishaled
mattor to dust. A thermometer in the fromt chamber controz-
. led tho temperature. The duration of the experiment usuzily
lagted for soveral woeks, with a daily one-hour i azlatioa
poriod,

Following the inhalatiorn of various substanccs,
Schottelius found small nodules in the lungz. liacroscopical-
ly they gave the impression of miliary tubercles, waile Lii-
tolozically aand etiologically they had a different meaning.
Il writes: "These knots apparently arc primary inflommatlioan
fourcos caused by the direct irritation of the alveolar willi
through substances entering with the strocm of air, consc-
quently foreign body pneumoniae in the most subtic sonse
of the word. I do not dare to offer definite statoments
pertaining to such questions as whether all these irritated
alvecoli and alveolar groups reach the more intensive stazas
ol superficial inflammation, or return to normalcy follow-
ing a light catarrh, or whether perhaps tho degrce of infliaone
mation depends on the quantity of irritation in those casos.
Another group of nodules to be found is socondary in nature,
caused by the irritation of points usually located in the
adventitious system of lymphatic vessels. There is no doubt,
however, that these parts are irritated by inflammation
stimulants brought in by the alveoli. (Cf. the effect of
unorganic types of dust). The origin of the third group
of nodules results from the closure of small bronchi. These
are the least numerous; however, a disection of the lung
makes them accessible to the human eye.”

Schottelius did not regard these results as a solu-
tion to the specific problem of tuberculosis, because non-
tuberculous, indifferent sputum causes changes similar to
thce innalation of tubercular sputum. Nevertheless, his in-
halation experiments were a step towards the assumption that
under given circumstances luag consumption might be acquired
through sclf-infection (effected by decomposed bronchial se-~
creiion) in loco, or through inhalation and aspiratioa.

Tapneiner (1,2) was convinc: 3 that tuberculosis iz
cemmunicated through the inhaiation ol coasumptive sputuxm
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wvhaich is emittcd through coughing and remains suspended in

the air. ile coaducted several experiments on dogs ip the

Lunich Pathological Institute (Prof. Dr. V., Buhl) in the
__summer of 1877, and in Meran in 1878. .

Ths natter inhaled consisted of one tea- or table-
apoon of tuborcular sputum mixed with 300-500 cc:i water to
oroduce oo omulsive, relatively clear fluid., The dissoiu-
tion wau dono by means of a steam pulverizer which wos
placod outside the testing enclosure. The animals (dogs)
wore accomodated in a wooden crate, one side of which was
left opon and could be closed by a latticed screen, This
cpening was covered with an oilcloth during inhalation.

A hole in the cloth admitted the steam jet into the test
room., In the first series of experiments, the dogs inhalcd
“daily for a poriod of one hour, speanding the rest of tic
time in tho test room. In tho second sories, thoy inhcoicd
Lnce dally and spent the rest of the time in the opaon aics,
The third sories took place in a roughly constructed 12uwd
- shod which was placed outside. Very small amounts of spuiun
were given. The testing periocd lasted up to two months,

Tappeiner (1) found pronounced miliary tuborculosis
in both lungs; it was not as marked or regular in tho :ic-
neys, and in isolated appeared during the third woox fol-
lowing the first inhalation day. A small amount of pulvor-~
ized sputum was needed to produce these nodules. In addi-
tion, he fouad that the sputum particles which reach tiho
lunbs act in a specific way, rather than as mere foreipgn
matter. In addition to assuming that relatively large quac-
tities of the sputum particles inhaled go directly into the
alveoli and condition the infection, Tappeiner discussed a
second mode of infection, namely, through the intestine.
Some of the inhaled sputum particles, which settle on the
lining of tne throat and pharynx, are swallowed and are re-~
absorbed from the intestine. Experiments, however, which
dealt with feeding tubercular sputum to the animals showed
negative results.

Basing his views on the positive results of the in-
halation tests on dogs, Tappeiner saw great probability in
the communication of tuberculosis from man to man though
phthisic sputum which had been coughed up and reduced to
dust, particularly in poorly ventilated rooms.

In one of his later works (1880), Tappeinmer (2) nzde
new exyerimental contributions to inhalation tuberculosis
in dogs. In repeating his earlier experiments with ichaled
»ithisic sputum, he found that lunyg tuberculosis could be

- 6 -




nroduced with or without a general tubercular infection.
Iinnalations of croupous and caseous lymphatic gland pus
and bronchial-purulent sputum, however, proved to be nega-
tive.

Ls early as 1884, Robert Koch maintained that it wns
jolele szu‘g to commuaicate tuberculosis among huxans througa

innalction of toth sputum particles in the z2ir and dry phtail-

sic sputum, ¢ regarded the latter as the most iikely oane
to cause tae infection.

G. Cornet, a student of R. Koch, extensively invcs-
tigated the spreading of the tubercular bacillus outside the
orgasism, that is, tubercular germs which float freely in
the air ox are deposited in the dust.

T order to determine the degree of infcctiousncss,
ho collcctod dust which had settled on walls, bed linen,
door frames, floors, carpets, clothing, and so forth, mixecd
somo of it with dry buillon culture, and deposited it in tae
stomach cavity of guinea pigs. The dust came from hospitals,
meatal institutions, phthisis divisions in hospitals for in-
curables, private apartments, and hotel rooms of tubercular
patients. Xe was unable to prove the previously assumec
ubiquity of the tubercular bacillus, He also thougat it
impossiblo that the evaporation of fluid coataining bacter-
ia or a breath of air could spread bacillus germs in the
surroundiag area, In Cornet's opinion, it was a firm fact
that tie exhalation of consumptive patients could not pos-
sibly contain tubercular bacilli, nor did their sputun --
provided it remained damp -- pass bacilli into the air, Small
particles containing bacilli might reach the air, however,
only ifi the cought was particularly bad. This danger was
not great, because such explosive cough usually caused the
loss of saliva from the teeth, palate, and lips. In most
cases, this saliva does not contain bacilli. MNost frequent-
ly bzacilli get into the air after the secretion containing
bacilli dries out, and individual particles of this dry mass
are separated through mechanical influences. The difficulty
in pulverizing and reducing sputum to dust lies in its sticky
and mucous nature (muous content) which holds the small par-
ticles together with an unusually strong power of coherence,
that =~ to quote Cornet -- is a blessing for mankind, other-
wise infections would occur far more frequently. Sputum
which has dried on the ground and on various articles is
caused by careless spitting. This makes it necessary for
naticnts to be equipped with spittoons, which should also
be provided by stores, hotels, and other public places.

-7 =
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— Spitting into handkerchicfs should also be avcided whencver
possible. These and other prophylactic measured fo thg
prevention of the infection and spreading of tuberculosis
wore suggested by Cornet. He believed that most of tuo irn-
haled tubercular bacilli settled at the entrance of the rc¢-
spiratory tract duc to their heaviness; also, passage
tarough the nose and the vocal chords was very diflicuitl.
Only ore b-cilius out of a thousand manxscs to reaca .
dopth of the respiratory tract and have a pathogenic cailich
in an infected spot only.

. Extensive research on the importance of drop inicc-
tion in the spreading of phthisis was done by C. Fluggc (I,
2, 3, 4, 5) and his students (Sticher, Heymann, Latscherniio,
Neissor, Kirstein, Findel, Reichenbach, Ballin, and others)
at the Breslau Institute of Hygiene. Whencver fluids con-
taining germs are spattered, tiny drops penetrate the air,
They are carried by minimal air currents, spreading tho
germs widely. A patient's speech, cough, and sneezing causc
the formation of very fine drops which represent a type of
air infection not considered heretofore, In hig fundamcatal
work on infection through the air, C. Flugge (2) wrote in
1897 that drop infection is far more important than dust in-
fection, because germs -- even those most susceptable to
dryiness -- are communicative in their primary stages. Tuo
possibility of drop infection, however, excludes all disciscs
where the infection is localized outside the respiratory
tract (gonorrhea, recurrens). Even the smallest drops con-
taining germs may float in the air up to five hours. After
this approximate period, they come in contact with somec sur-
.fact (walls, furniture, floors, the outside of the human
body). The drop dries very rapidly on the surface, and it
germs stick to it so firmly that an air current could not
possibly remove them. Only through artificial means may
they be reduced to dust and begin to mingle with the air a-
gain. According to Flugge, such cases are rare. In the
case of drop infections, the most important factor is not
the consumptive living space, but rather the excretion oi
the sick person passed into the air ia the form of drops
several hours previously. Ia spite of the extensive sprecd-
ing of germs in the air, the cnances of drop infection are
very slight outdoors.

. Two years later (1899), Flugge published the article,
"The Sprcading of Phthisis Through Dust-like Sputum cnd
Througih Drops Sprayed by Coughing,”" where -- influenced by
the research of his student Sticher -- he placed more impor-
tance on dust infection., Nevertheless, he still considered
fine drops containins bacilli more iastrumental in causicgz
tuberculosis in the Lumain organisn.

-8 -
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Before. discussing dust and drop infection experimenis
in grecter cdetail, we would like to refer to the publicaticns
oL lildebrandt, and particularly Buchner, who dealt with ilkc
nonetration of various pathogenic micro-organism into the
lunz through an intact surface, and their multiplying witlin

-, worne WL pama
ey O[T GAATW .

. 0L 22 “hree main areas invaded by germs skin, In-
Lteseing, atag Hildenbrandt (188S8) tesiced the respiratovry
tract as tho catrance. He sets out (o answer four quCcovicis:
1. Do.the micro-organism floatiag in the atmospherc reaca
the lungs undisturbed during respiration? 2, Can the micro-
organisms penetrate from the alveoili into the iantact luag
tissue? 2. Can they multiply at this point? 2and 4. How
do they nmove forward and produce a general infcctioa?

To answor the first question, four healthy rabbits
wvaichh had not had close contact with infection sources wvaoro
xiiled, Individual portions of the respiratory tract wucro
placed on suitable media in order to determine a possibic
gerowth of gorms, While colonies developed ip tho oral wad
nasal mucous meombrane, this was not tkhe case in the luaz
tissue and itrachea. Hildebrandt drew the coaclusions taac
nornally there are no microorganisms in the trachea and lung
tissue, because the nasal cavity acts as a protective filtex
To test the degree of protectivencss with a high 'bacteria
coatent in the air, he had rabbits inhale pathogenic micro-
organisms (aspergillus fumigatus).

For this experiment, he used a glass box with a cover
wiaich could be closed. A fan was placed on oag side to
wairl up the Ifungoid lawn in the glass container. The stiir
was iacreased with the aid of a goose feather used througu
tiie open top. .Opposite the fan, that is, on the otaner side
ol the glass container, an opening served to coancct tue
fzce of the animal by mcans of a concave cloth masik with
the iaterior of the glass container. The period of innalc-
tion lasted 35 minutes; the dissection took place from 30
minutes to four days after the inhalation. 1In this instance
media containing trachea and lung tissue showed colonies
of aspergillus fumigans. There were no colonies on media
containing blood,

These experimenis show taat under aormal circumstan-—
ces ihe nasal cavity acts as a protector against the penc-
tration of pathogenic micro-organisws into the depth of the
respiratory tract. If the bacteriz content in thae air rises
<oove normai, the protective function of the nasal cavity
uiainishes in direct relation to tiic increase of bacteria
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density in the air. To test the control of these resulzis,
iZildebrand had rabbits inhale pathogenic rabbit septicacniia
pacilli and aathrax bacilli or their spores. These resulis
were similar to the previous, An abnormaily-high bacilli
content in the akr decreascs the protective function of e
nasx) cavity, e¢nabling bacteria to penetrate into tho doepi.
ol the respiratory tract.

. Xan testingz the penetrating power of the nicre-cuopr o=
isag from the alvcoli into the lung tissue, Uildebraaal souiw
that an intact lung surface docs not provide a barricr. ¢
found that the lung offers a favorable cnviromment Jor i
mulitiplying of only a few types of microorganisms; of thc
threo typces of microbes tested, only the rabbit septicaniu
bacillus multiplied. In trying to answer the fourti quc.-
tion, he was ablc to show the importance of lyasks as nas-
saZe to tho Lronchial glands (similarly os in tae dust :a-
halation oxperimonts); <from there, penctration .nio ..
blood ia pos:zible. Nevertheless, hc 2ls0 coansidered tiic
possidbility of direct blood infection.

Buchrer (1, 2, 3, 4), partially in 2 cooperative cl-
fort with llorkel and Enderlen, conducted e:stonsive oxnosri-
meats on animals. Since their importance is fundameaias,
we shall relatoc thom in detail.

tarting with the dust inhalation oxperiments by
Arnoid, and inspired by C. Flugge's (1) 1886 monograpi wvicie
the thesis wos established that bacteris camnot pass an in-
tact lung suiface, Buchner experimented with anthrax sporcs,
chicken cholera stimulants, and scepticaemia bacilli. EHe
traced the route of inhaled bacteria in the lungs, and their
passage into the blood. He was particularly interested in
proving that the passage of bacteriza through an intact luag
surface and their entrance into the blood stream do oxist,
and not only in the casc of those infection stimulants which,
as the tubercle bacillus, experience a primary settlement
in the alveolar wall.

In his experiments with pure cuitures of tubercic
bacilli, Robert Koch had found that these inhaled microbes
penetrate into the respiratory tract as far as the alveoii,
All his rabbits and guineca pigs which had becen exposed to
the inhalation of pulverized tubercles showed nunerous tu-
bercles in the lungs scveral wceks later. lMacroscopically,
these showed an alveolar growth at 2 specific stage of de-
vezopment., Aninmals which had been put to death or nad céicd
l..ier hod tubercles in the liver z2ad in the spleen. There
WS LO GOoudt that the entire organisu had been infected
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arou;:: the zespiratory tract. Secondary localizations,
that is, tubercular metastases in other orgaas (spleen,
liver, kidaeys, and so forth) could have been infccted only
tarough bacteria in the blood stream. Siace tuberculur boce
toria find t:o alveolar wall suitable for multiplying, th-t
T3, o peinniy development of luag tuderciecs takes piance o

2 oradiaclo tenced, Buchaer coacluded thnt coasgeluvae ©00 .-
L6 sAphe ponuibly open abpormal commuaications, follicon.
L7 e passale oL tubercle bacilli into the blileoci., Cona .-
quently, in testing the penetratioa of bacteriz through Luc
iatact alveolar wall, only those should be uged which do ow
form flocks in the lungs.

In claborating on the dust inhalation e:xperiments
sunwaslinee by Awvnold (cf. chapter onm dust izhaliation), L o
aur wahitad to study the behaviour of inhaled micro-orgzi.sio
in iho lunz ancd in the organism. It sccmed to hin taat cae
mucly machanical process on the inhalation of smail sus-
penced particlos always reomained the same, rogardiess wuatlioer
they camo Irom coal, minerals, metal, tobacco, giround un.rae-
matrine, or dust containing bacteria and dricd spores, i'or-
cos which movae lifeless dust are also capable of comveying
animnted bactoria dust, and passages which are opon to tlg
ong cannot romain closed to the other. 1In regard to inhnic-
ticn and passage through the lung surface into the bronciizi
slands, liZeiess dust should bo comparced to bacteria witiowd
hesitation, From the puroly mechanical point of vioew, o
bacterin cell is equally subjcct to pressures, tractive pouco,
and fluid streamc as any otheor organic or unorganic dusc.
The same applies to passage, and should thore be a disicron-
ce in this rospect, then bacteria should be ecven more casily
conveyed due to their light weight. It should not be con-
cluded that in recgard to their ease of mnovement and spread-
ing in the organism, bacteria cannot achieve more than life-
less dust, The movement capacity of coal particles and cin-

abar granules represcnts only the minimum, a2 fact whicia ap-
plies to bacteria as well. Particularly in the case of
iympu glands, boti clinical aand experimental data show that
instead of stopping, inicction stimulants, strecaa towards

i.e nearest glands and spread through the blood to the in-
nexr organs. Neither should we disregard tace important {ac-
to1 ol the capacity to multiplyon the part of pathogenic
TOrmS ~¢h nhave peretiated into the lymph glands, or their
infeccticous erfect. This may causc the otherwise a2deguate
i1iters to icsce their dependability. 2zathozenic germs lica
o not wmultiply, wowever, are held bacik in the glands llae
~aacaeas particles of dust, and are eveatualliy destroyceda.

Tasre 1y ono LGN why L .4 Sacteriz wvhich normali-
2Y WOCUY hie Vel emad waooiG LSOO UCLl. Al LAIVOOiIi oIa oo
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. passcd into the lymph glands of the lungs without zppearin;
. in tke blood or the other orgamns (lymphogenic removal). Tl
commo;l sacropaytic bacteria, like lifeless dust, are pirobd-
'ably held back in the bronchial glands and do not (or barc-

" 1y) reach the blood. Consequently, these kave an importaat

nrophylactic task. i

i

A soece~d possibility of perctraticn Into thn Lload
48 a8 direct pagsage from the alveoii iute the hlooaw. i .
i3, into the bordering capillarics. In the lanllution oil-
perincnts (cf. chapter on dust) this possibility was eiilcer
denied or seriously questioned, Thus tests had to be nace
to determine whother bacteria pass diroctly into the capil-
laries of the alveolar wall through intact surfaces.

Tuanner erxporimented with the inhalation of ¢ ~ul-
vorizod antihri: gpores and vaporized anthraxX sporss, Luta.s. -
bacilli, and chicken cholera bacilli. The microbes werc l:Ioue
inhaled in the form of dust, then in the form of drops.
intend to discuss each of the two series of oxperiuocnts scop-
arately. Ia the last paragraph, we summarizoe tho resuiis
of all tects conceorned with the passage of infection ageass
tarough iantact lung surfaces.

The dry inhalation oxperimonts dexling with axthrix
sporea presented some difficulty in method, since it was
not ocasy to produce totally dry dust which at tao same timo
was infectious. ¥Finally the anthrax spores wore dricd to
powder. which is effective in dusting (coal powder, lycopc:=-
don) and served as agent in the pulverizatioan process.

The dust was kept in calcium chloride to pirczerve
conplete dryness., Tho ratio between coal particles zand oo~
thrax spores was usually 1000:1, with lycoperdon dust 1.0:1,
& small arount of the dust was injected subcutaneously to
test its virus content. -

Two kinds of apparatus werc used in the inhalation
experiments. The apparatus for mice had a volume of 3.3
liters; for guinea pigs the volume 13.6 liters. The lat-
ter is shown in diagram 1. The bottoa of the glass appara-
tus is a tia-plate funrnel (t). The spore dust is deposited
by means of a glass tube (b), which passes through a rubber
ring (g) located at the very botton oi the fumnel. The ani-
nals are in a2 wire cage (c¢). The air is blown in by nearns
of aa ordizary fan., The air passes through a second vertili-
cal giass tube (a) to the lowest point in the apparatus, azxd
stirs tile dust deposit, diifusing -t ia the apparatus.
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Diagram I

Dust inhalation apparatus by EBuchner zand lierkel,
talcen from Buchner and Merkel: Archiv fur Hy~
giene (Hygieae Archives), No 8, p 1Gs, 1&38,

The zir exists tarough a plug of cotton wool which completely
fills the area between the glass neck »f the appvaratus and
the two glass tubes. Since the dust showed a great tendeacy
to settle everywhere within the apparatus, it was necessary
to shake and tilt it constantly during the experiment in
order to avoid a settling on the very botton,

The quantities of dust used were very small, for it
appeared that large quantities conditioned foreign body
pneunmonia and prevented the intended anthrax infection, The
pulverizatioa and inhalation, the entire test, took only
ten to fifteen minutes cevery time, The quantity used in
one innalation did not excced .25z in the small apparatus
for mice, and .8z in the larger apparatus for guinea pigs.
The animols were exposed to the inhalation only once. Each
experiment was followed by a pericu of waiting until the

- 13 -




2ust particies floating inside the apparatus had settled.
Thon toace ..aimals were cautiously removed and taken outsice
to get rid of any dust particles which moy have been cling-
iag to thea. Each part of the apoaratus was immedictely
storilized in 2 solutiou of mercuric chloride 1:10C0.

rne ondz..ls were put to death with ciiloroforn 3. i
<3 hoursa rollawing the iuohalation. The:: +roi'@ Wolae Wil %W
golution of alcohol and meorcuric chloride ard dricu, 7Tuo
iungs and the spleen were removed by means of sterilo iusiru
ncats, and weire placed in sterile containers. One sccticn ol
the lungz wiz preserved in alcohol for a nicroscopic oxailii=
ation. §Sterile scissors were used to cut the othor caciica
into many (20 to 40) pieces, which were piaced ia 2 ligquia
8% wmoat pcpione gelatine, poured on a sterile glass picte,
and cultivated at 22°. The spleen was treated in = siril
manner. The advantage of this method is the pozgibilily ol
testing the bactoria contont even if the microscopic cuiuia=-
ation should fail.

Iahalation experimonts to test lung infoction {..'n
validity only if corresponding controlled f{ccding coxpey .-
neats prove that the infection was not caused through t..0
digestive tract by bacteria which had been swallowed, o:
tais rcasoa, similar quantities of dust wore fed to tic
samo nuxbaxr of animals of similar breed. Spore dust vwau
fddod to a mixturc of bread and carrots. Chancos of .. fa-
testinal infection were extraordinarily favorable 23 coi-
parced to an air infection, since one group of animals iniha.cd
the maxinum of 1/1000 of the pulverizod spores, whilo the
other zninmals consumed the entire amount of spores given.
Since a rexarkable majority of the latter stayed alive whilo
most inhalation animals died within a rolatively short ne-
riod of time, it is impossible to assune an infectioa causcd
by swallowed spores during the inhalation period.

The 13.6% paeunonia occurrences during the irhaiation
cxperiments should be pointed out in this connection. 1In
his dust inhalation experiments (cf chapter on dust), Arnold
observed 19 cases (20.4%) of acute pneumonia in a totali of
93 animalis., Most cases (33%) were produced by sandstone
dusti. owever, we should bear the fzct in mind that thosc
cexperiments were exiremely longz. Arnold assumes that the
origin of ticse poeumonia cases is the direcct result of a
catarra inflammoation of the broncaial smtcous membrane, ot
is, Droncho-pancumonia processes. In cddition, the dust is-
wr.ation miy create conditions favorable mot oaly to tio
Peaaelration, but also to the Zrowu!. oI specific infection
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T, Oromeans of nlate culiure, Suckacy pas frerunnie
T ot dormble mumounis o bDacioviio (with the Ci-
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oo e vneenvia detectod ia the lunz tizsue was paviic-
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The atomization of liguids with a bacteria content
produces & very fine mist, parts of which transport thc
clinging geins as far as the alveoli. This was cvideant in
the tests performed by Tappeiner and Robert XKocii. Tacre 35
Lo need hera for the cumbersome preparction ol ianlcctious
cust, such 43 tiac powerful drying process wihich caon be cur-
vived only by true spores. The moist method, as exemniliicd
in this ccerics of experiments, is just o3 suitable for aa-
toonn Lagdliii 29 chiclien cholora bacilii, or otheor iyn-u
ui Lacteoria which perish easily through dryiness. To au-
aure mroner rosultg, it was nccessary to inprove the custioe
nary mceihod of atomimation. It was parilcularly important
1o avolid exncessive moisture or saturation of the animal cxe
voscd to the spray. Coascquently, larger spray nariicles
woere doflected, anldonly the minimal ones used. Tie appara-
lus usud Ly Suchior is shown in diagram 2, )
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The sproy was produced by an ordinary atomizing op-
mnratis by Eergson, that is, two upright glass tubes werc
placed on top of each other and attached to tihe bottom ol
a Vulff f£lazk. The Wulff flask is cut off at the bottom
and set u» on a tin container (b). These two are connactcd
10 ezci other with a ringed shaped rubber kand (g). Two
»nbbor tubes noss through the neck of the Wulff floasic (0.
Cae o tihest (.) feeds compressed a2ir to the atomiuer; Laowv
other tube is cquipped with a funnel to provide aaditicnai
supply of atomizing fluid during the experiment. As soon
as the spray is set in motion, an extremely fine mist penc-
trates the inhalation area.(k) from the second neck oi the
Wulff flask and through the tube attached thereto. The uist
iz light enough to be borne upwards by the slightest cir cur-
rent. The tendency of the particles to deposit or settle
is miaute, Like cigar smoke, this mist may be conducted
tarough a tube several meters long at moderate air speed.

The animals were placed in a large (50-liter volumc) tia
Wettle (k). A wire grating was placed several ccentimeters
above tho bottom of the kettle., The closure conzisted of

a largo top cover with a glass panel to facilitatce tho o=
soervation of the animals, The top edge was padded with
several layers of cotton wool to prevent the air supplied
from coscaping. Passing air is filtered by the padding. Foi-
lowing the inhalation, the animals appecared to be dry. Tacy
were placed immediately in an isolation cage. A mercuric
acid solution was used to disinfect the entire apparatus im-
mediately aftexr completion of the inhalation.

i
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-Snray apparatus by Euchaer, reprinted fronm
Sricdbery and Reiter: andioell of Pathomea-
‘g~L1croorganlsms, sc¢cond edivion, p 502,
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Zvery nnimal inhaled only once,

e L9 minutes to one hour,
1) ontuarax spores, 2)
paciiili, 4)

e e e o i AN T FF T M (RSO e o

a type of hay bacilli, 3)
cholera vibriones.

The duration roajod
The inhalation consistea ol

.v-.,..’ s 2

I“O-u

Preliminary experimeata

vere desicacd to determine whether the mist of a bacterioid
snuid contnined a sufficient amount of bacteria. Fresh

.

;7. es of storile gelatin rmedia which bhad been ciiposed to
oo Lt o ¢ minutes developoed thousands of coloning

Leo Lo uhised da)“ later. Consequently, the mist ironie-

ports b;ctcr;a,
tien, In oxrder to determine

wnich means that atomiziag does not cesirsy

tiic percentage oi atonizcd .-

¢uid wiaich reacues the test room, the liquid was dirccted
isto o glass coatainer stuffed with hydrovailic gauze., < .o

-
conTainew was weighed before
MELil oL Tha
om0 te Wﬁ?? atomized by

otal amount atomized liquid was .5%

Fadl)

and after tinc cxpcrimcnt. DS
that i,

the spray anﬁar“tuu, .Dcec nou-

Cu 1n10 Tao *uha;atzon area in the form ol syray.

-y

Snonz Liguves showed
Les Do Lle acgcessary to start

vnat small anounts of patiocrunic

an infection. Only ia tais naie

ner vas an insight gainced into the amounts required in the

;uCulns iZpoerinents,
bacelteoria wore used as in the

To avoid mistales, the same types of

inhalation experimeats. Talo

~ccurate procedure along made it possible to prove Ifroa tle
intestines in rabbits and mice that even with chickea chol~
era, kaown to be higinly infectious, the animals tiaat dicd
citer inihaling were not infected by bacteriz which they had

o \«Q..LJ.O\.’VQ .

The irhalation of anthraxz spores, for example,

required a quantity of spores 300 times smallexr to achicve
tae sane effect in half the time.

Letl us discuss the results of the two seriecs of ci-

microibes had penetrated into

rceeived in the first series,

ats, In every instance, 2 microscopic examination
lungs 20 to 24 hours following inhalation (at the
rt of the infection process) showed that the ianhaled

the lungs. The preparation
however, definitely differed

from tac atomized ones. Dry pulverization had effecied no

infusion of anthrax bacteria
sccond serics of cxperinents
nCCO“dl .7 ©o Buchner, therc

firsit, the antinrax spores germinate.

in tihe copillaries, while tho
showed characteristic infusions.
are two different stages. A4t

In the next phase

cnnll groups collect under the z2lveolar epithelium. For the
mosi part, they are infused in the blood capillaries.

~he quest
L.CCG stican.,
~xrs3¢ Oonc wust be exclude
wention it brielly.

ion arises o5

[
Taree DOSblbl;lx es ure piausible, yetr the

Ve could assunie thiat the bacteriz

10 ow they pussed intoc the

Nevertheless, we would like %
O

.-O

G

L)
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e lun ernillaries did not stem fiom the spores tho

: L i wag aiveoli, but from those swallowed during in-
“Akntion and passiang into the luags from there. One peind
arainst this assumption is the time (23% nours) between -
iHinlation and the death of the animal. In the experinents

P

I BN |

“waere wariirum quantities of spores were fed, nope of ile

aaimals died until the fourth day. If this maximu anount
necds sucn a loag time to pass tnrough thce stomach oad o o
an ianfeciion in the body from the intesiine, thon tiz v -
mal quantities which are swallowed during inhaling cancow
achieve the same effect in half the time. Conscquently,
only two nossible explanations remain for the origin of Lac-
teria found in the capillaries. They we2re cither transport-
ed by tae lymphs to the bronchial glands ond from therc into
the bloodstream, or else there may have been a direct zac-
sage from the alveolar wall into the blood. One possibility
does not ciiclude the other; both could nrobably exist i
the samo tTime, '

48 dlready mentioned in the chapter on dust, the ir-
haled particles as a rule do not pass through the bronchicl
zlands, Muskabluth, who made an intratracheal application
of anthrax spores, found no anthrax bacteriza in the bronciini
glands 48 hours later. He concluded that they hLad moved
on and had entered the blood stream. This conclusion is not
necessarily correct, because the agents could have eanterec
the blood directly from the alveolar wali. Buchner believes
that the passage through the lymph glands is not 2an easy
one, if at all possible, and totally dismisses the possivil=-
ity of bacteria passing through the lymphs into the blood
within several hours. The passage is relatively quick,
however, when pathological changes in the lymphatic glands
are present, This fact is in accordance with clinical cdata
on the action of lymph glands in the human body.

Consequently, only one possibility remains: the di-
rect passage of the bacteria into the blood. Tais assump-
tion is probably the only correct one. If we consider the
characteristics of the capillaries and the anthrax bacillus,
we may assume that the growth takes place through the gaps
which appear in the vascular structure under the influence
of diseased agents.

The same gaps which provide 2 passage for erythrocites
.nd leucocites durinz any inlloumation also a2llow the infcco-

vy

cicnx agents, which are in the inmcdiate vicinity of thne vas-
cu.ixr wall ond exercise chcmical irritzation, to pass through.
since thiis peneiration tarough the intact lung surface Ge-
2204z on activity ol the bacteriza, on their growth and nmui-

L et el en e < am e - P Rl b - .
CLpwying, inasled coal particles caa never enter the bicod
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strean, A 1 cuid stream or mechanical transport does not
exist in this direction. Neither can apathogenic gerus, _
-even Laving reached the alveoli, ever pass througk the ca- |
¥ pillary wall, simply because they cannot multiply in the _ §
: ~ tissue and Lluid of the organism, ;

To owsid a misunderstanding, we would like to strecs
whae Lret once again that the assumption of o direct passajc
into the blocd stiream does. rot cixclude the otaer possibiliity
througn the lymphs and bronch 2l glands., Doth may exist si-~
multancously. Passage through the lymphs into the bronchini
glands, wikich is a purely mechanical process, should be open
to pothogenic germs as well as to lifeless coal particles
aLd cinnabar granules. The same applies to apathogenic
Jerms, o3 they are always present in the atompshere, Vaiie
lifeless dust gurtlcles and apathogenic germs are retaincc,
reavscorvad, or perish in the bronchial glands, the fate of
cue patiogenic germs may be different. Thus a possibility
oL passage does exist for pathogenic germs.

The question remains which infection agents could
penetrate the intact lung surface. Generally spealing, 2ii
blood parcsites, that is, the infection agents which live in
blood and have the capacity .to multiply, should be z2blc %o
do so. Primarily these are the anthrax bacteria, bacteria
of micc and rabbit septicaemia, chicken cholera, recurrens,
and malaria. Tubercles and mucous bacilli are not blood
varasites, although tubercular bacteria were found in thk
vlood of highly tubercular humans and highly infected zni- o
mals. Consequently we cannot assume a direct passage of in- Sty
haled tubercles into the blood stream. This has been con- &
firmed by inhalation experiments., A gencral infection does
not deveiop immediately in the animal; it is initially pre-~ ,
ceded by locallzed tuberculosis in the lung Localizatioas ;
in tie inner organs are secondary. It is hlghly probvable
that these were not caused by direct passage into the blood,
Lut rataer through the lymphs, accompanied by successive

tubercular infection of intrapulmonary lymph follicles and
bronchial glands. From here, the fully mature bacilli pass
into the blood of the animal species, provided the appropri-
ate receptivity exists.

In tais connection, Buchner experimented with the in-~ '
halation of pulverized mucous bacilli.

L4Qoar cuiture was suspended in <0 ce water and in-
nULhca VJ two guinea pigs for half an hour, Six days, late:r,
pOTa wlimLLs reacted with zudibly heavy breathing aand a
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Lrovich dlselarge frowm tho noutrils, 12 to 89 days luater
we Niavy -Coo 0f weight and death.

ae disscetion showed mose remarikable findings ian

the first aniicad, A singular circumscribed mucous nodul;
g found lh tive upper right scection, whilo tho remincur
ST U T totally iatact., Whe lusg ol tha sceond il

cre 0 wguct, Lnd yet i o owe warly miliosy e
Caty :..p~)o“4 vwere present in the zpleca, There is oaly ane
G.ooluantion 2or the mode of infection in thilg cuszo; nrme .y,
{he Dacilli forced their way into ithe blood strew. thru .
ithe lymphs. There was no primary localization in .0 luig
titoue, 3 As usually the case with tuberculosiz, Luchluor
8.50 experinionted with the action of inhaled puz cocci,
typhoid bacilli, and cholera vibriones in the lung, &ad
“hinie passeoe {hrouzh the lymphs and the blood, Sinco uo
Cavead LUl ao. Were Observed we shall eait thon &t tals posad,

[

Tu ih:7 connection, we would like to discuzs ilhie ro-

LULLY 0. ¢aburiuents with intratrachecl injections of Fricid~

landey bacil*i Those were carried out in 1905 by J, Kawvaia
at the Narchund Institute in Leipzig. The results may be
suunzrized os follows:

1, Tre lung may be infected through a direct injcc-
tion of bacilli into parenchyma, or from the respiratory
tract. In most cases, bacilli pneumonia in the human ic
provably «n aerogenous infection. ‘A haematogenous infec-
tion through these bacilli, however, should not be dismis-
sed entirely, since they may eusily reach the blood stream
from any primary disease center. '

2. Capsular bacilli succeed in causing indile~mution
of the lungs only at high maturity or in large quantities,
otaerwise additional predisposed instances in the lung tis-
sue (traumz, cold) are necessary, These instances are pro-
bably of great importance in bacilli pneumonia in humans,
since the bacilli do not reach the lung in as great quanti-
‘ties as they do ia animals,

3. Bacilli which reach the lung are accepted by the
lymphatic system through the alveolar epithelium without
difficulty. This happens more quickly than the absorbtion
of coal pigment. Having reached great virulence, a portion

of the bacilli is once again eliminated into the alveoli, in
order to inflame the parenchyma (serous exudation, leucocite
rceunulation), Another portion of the bacilli degeneratces
in the lympuaatic systam and looses its virulence, Thisg ic
purticulurly the case in an intact lung tissue., Other boc-
teiiu reach the blood stream and cause a general infectioa.
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4. xollowing 1nuratracheal 1nJcctzons of guinea pigs, ‘

o only flc.is of pneumonia were to be found. Tais may be :
N traced back to iwo possible reasons. Either the bacilli

perlsn rapidly when the lung tissue is intact, that is, te-

fore extended pneumonia occurs, or the anima ls succumb to ‘

a2 general infection before the pneumonia process spreads ‘ ;
cver on entire lobe. A passage of bacilli throuﬂh tke :

nreachlio” wak' has never been proven., This shows how fif—
dicuilt i ic o usc pathological-anatonical Ilnd*u,g Jon
the analysis of initial inflammatory processes following

the penetration of bacteria into the lungs, ¥For this rca-
son, we sihall return to the hygienists who conducted nun-

erous experiments to study the behaviocur of the tubercuiar C
breillus outside the lung and following inhalation into tue ;
lung ofi guinca pigs.

S P

Neisser had shown that extremely fine dust mixed
ith phthisic sputum when influenced by weal air curreats
can oaryy tuborcle bacilli in a live, virulent state. it
wag neocegsary to find out whether germs contained in tubere
cular gputum can be carried by moderate air currents ia an
infectious state and produce inhalation tuberculosis in ani- :
mals, Sticher (1899), a student of Flugge, carried out two i
series of experiments in this connection. 8Sincc earlier oxn- o
periments had usually shown negative results, he used a |
strong air current in the first series arnd a weak current
(whzch corresponds more to natural coanditions) in the sec~
oand series to transport dust containing bacteria,

L

e Mo 0

The apparatus used in the inhalation experiments. with
strong air currents is reproduced in diagram 4.

An ordinary round rubber bag (A) with an opening was
used. A second round opening was made in the bottom of the
bag, directly opposite the original opecning. By means of
vulcanizing, a collar-like attachment (B) was placed around
this hole in a position which corresponded to that of the
wooden ring. This flexible ring, which could also be closed
tightly, was designed for the nceck of the animal., The wood-
en ring in the bag had a2 rubber stopper equipped with two
glass tubes. The air from a dust developer was forced through
one tube, and used the other tube to escape, having passed
thic extension (C) and a glowing copper spiral (D). 1Ia the
first three experiments, the dust develoner consisted of 2
flask (E) wahich was constantly shaken to raise bacillic dust.
Suxring tho noxXt eight experiments an ordinary ice bag w
uscd, It coatained torn canvas rags with dry sputum.
W Zorcca in through an attached tube, Carrying dust p
Ticics, vhe air forced its way into the inhalation chami

l
e
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~
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Lotz o2t mhove,  In the first three :iperiments, waere LT
L3 Ln.aacuiy 1o produce an cxact distiiibution of dmmp siute
U in Gy dust and to avoid the formation of rouglh particals,
an extension (G) was plugged in between the dust developer
and tae inkalation chamber. It was designed for the settle~
ment of the rough particles. In all experincnts, the tute
leading into the inhalation chamber had a rectangular tond
iu ooraer 7 -void a direct entrance of the dust-bearing
current .inito tnec respiratory tract of the animzl, Tooc D
was conpressed rhythmically, approximately 32 stroles pex
c

rminute, at regular intervals. Ia order to obtain an id
of the approximate air current speed, we determined tihe ..-
mount of waicr forced out by one stroke of tae fan (50 ccj.
The sneed of the air current in the 4mm wide tube leadin
into thec innalation chamber was approximately lm at the time
of the sirclie. ‘

-

Diagran 4. ticher's experimental apparatus,
reprinted Irom Sticher: Zeitsch-
rift fur lHygiene (lIyzienc veri-
odical), ~No 30U, p 166, 1899,

The animals used were guinea pigs. Tae duration of
ti.e eixperiments was upt to GO minutes. Tubercular sputun
was dried on canvas rags unitil no trace of moistuire could
be seen or felt. The dry sputua particies were then loczcn-
ed nechanicalliy and fed into the dust developing apparatus.
Unless natural death followed within several wecks, the
aninals vere put to death at dilfcrent iatervals.

|
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In avary cuge, uhe fincings shovcd lung zand broachianl

Lpiesanlogic, Zusetimes tubercular flocks in the extrapui-
... v s tnm, Wais proved that tubercular bacteria settica
= “ust ¢ vzach the lungs in 2n infectious state when car-

[
e bv stronr air currents. The negaulve results of earli-
1 scicntistis were caused by the dust boxes used., They Lnd
cer ﬁoo sarge for the animals, providingy too weak a coa-
atration o7 cust. Due to their small breathing volune,
ti:e anincls hod nad little chance to inhale dust particlcs

laden wita bacteria.’

The second series of experiments used weak air cur-
reonts in ordexr to imitate natural condlt.ons as they exist
in acrogenous infections,

Sputun was dried not only on canvas rags, but also
on r‘ccco of wood. The latter was to reproduce conditicns
viiich exist when sputum dust is raised oa the floor. Tae
distance between the pulverizer and the inkalation chamber
won oxtonded, .bocause the greater the distance, tiae Yewer
are tac chancos of infection, since tho larger particles
rave a tendcacy to settle and the bacteria run the danger
of being damaged. The most important modification, however,
was the change in the speed of the air current. The inten-
tion was to reproduce the speeds prevailing in ordinary live
ing space, The sputum was dried to a maximum, that is, the
sputum bacilli were dried in a calcium chloride exicator
until no more loss in weight could be determined. The drier
the dusting matter, the better the chances of its being
inhaled.

The apparatus shown in diagram 5 was used in these
experinents.

The apparatus consisted of the following 6 parts:
puiverizing chamber, dust conductor, inhalation chamber,
conaensor, c¢isinfection and aspiration arrangement., As in
the previous exXperiments, an ice bag (A) served as a pul-
verizing chamber, a tin tube (B), 2cm in diameter and Im
in length, was the dust conductor; it connected the pul-
verizing chanber with the inhalation chamber (C). The in-
halation chamber consisted of an oblong tin box with 4 rec-
tangular and 2 square surfaces which remained open. The
{ront opening could be closed by two insertions, each ozl
vhich contained 2 semi-circular aperture. The guinea pigs
vhich were placed into the box through the back opening
could be held by inserting their heads in the front zttzaca-~
wments. & small tin cap closed the back opening., A largerx
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Diagram 5§, Sticher's apparatus, reproduced
from Sticher: Zschr. f. ilygiene,
No 30, p 178, 1890.

The experiments were carried out in the manner out-
ined below, After the dried pieces of wood and rags had
been placed in the dusting bag (which was dry, as were all
parts of the apparatus except for the condensor), the gui-
nea pig =-- with the neck hair shorn off -- was brought into
the inhalition chamber. Suction was produced by draining
the water from the cylinder, Manually (through rubbing or

" gshaking) the dust carriers (pieces of wood or rags) were

freed from the Lacterioid dust and wbirled up. The pre-
sence of fibers in the tube leading from the pulverizexs
showed that suction of dust was actually taking place.

The vclocity of air was l1lOcm per second. Occasional-

ly stron;er currents vere used to reproduce conditions simi-
iar to Graugats in a room (opening a window).
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Az 2 result of the slight bacteriz action, animals S
used sn 1l is series of experiments did not die spontaneous- f
iy, ©Severcl months after the completion of tests, a disscc-
8 tion revealed tuberculosis of the lungs, bronchial glands,
and the rest of the organs only in a few cases. On tihe

' cther hand, animals injected with the dust from the concen-

o AT TR

scr ohowed a tuberculosis infection in every case, Stichicr ;
conclucdad thnt the driest possible tubercular dust, carriud i
by weakust air currents, may cause an iafection; that iz, :

cven the finest and lightest dust particles which float ia !
tlie air for a long time may carry virulent tubercular tacii- oo
1i, The suall number of inhalation infectionc in the sccoad

series is due to the fact that- the dust concentration was

weaker as a result of a lesser whirling effect and a great-

er disiance between the pulverizer and the inhalation cuham-

Ler., Sirce the animals spent only one hour in the inhala-

tion choamber, the chance of becoming infected through the

iuhasation of tubercular dust suspended in the 2ir was min-

imal, '

Nenainger, another student of Flugge, studied the
penetration of bacteria into the lung through the inhalatioan
‘'oi drops and dust, and thought it necessary to clariifiy sever-
2l points before starting the actual experiments, Previous- :
ly, the lungs of health animals and humans had generally : 5
ceen considered frcece to germs, which coniradicts the fact '
that the surface of the lungs is constantly in contact with
more or less germ—containing outside air. Hildebrant aad
Kiipstein were of the opinion even before Nenninger that
pathogenic germs are often to be found on the innexr surface
of the lungs, yet these were eliminated in no time, Bartiel
aintained, nowever, that the lungs of healthy humans should
sernerally be considered as being free of germs, although
the large and medium bronchi always contained pathogenic
gerns, Nenninger examined the term content in the lungs
of tnree pigs, three cows, and one rabbit, and generaily
found a low germ content.

Experiments with the inhalation of drops were car-
ried out as outlined below.

Prodigiosus germs were suspended in a Buchner spray
aratus containing a 6% solution of NaCl and atomized for
neriod of 10 minutes., The animals -- guinea pigs or rib-

(%
e neck of the animal, The atomizer opening is 40cm oppo-~
site whne head of the animal., Immediately followirg the in-
nalation, tile animals are put to death through a stroike on
e neck (medulla oblongata), the spray infected head is
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wrapped in a cloth steeped in a solution of mercuric chlor-
ide, and thz animal is removed from the box. The skin is
sterilized by placing the animal in a container of mercuric
chloride solution.’ Under sterile precautions the lung, the
mail’ broncaus, and trachea were cut into segments, Every
part waz placed ia a tube containing lcc bouillon, there ix
was;mashed using a strong platinum needle, and pourcd c
on ‘an ‘agax piate,
"' " The experiments showed that the bacteria drops in
‘the inhalation stream reach even the finest branches of the
‘wespiratory tract without any difficulty, This had already
been determired by Buchner and Enderlen, although they did
‘not test the germ content in immediate cultures, Neitber
did Nenninger succeed in determining accurate numbers ia
‘the germ content of the individual portions of the respir-
toxry tract, which was partially due to the experimenta: tcci-
‘nology. '

In subscquent inhalation experiments, the aticupt wus
nade: to determine the actual quantity of germs brought into
. the respiratory tract,

The prodigiosus germ used in the drop inhalatioa ox-
periments was unsuitable, since it cannot stand up to the
‘high degree of dryness necessary for pulverization., Foxr'
this reason, the spores of a different type of bacteria
(magatherium) were used, in Kabierske's pulverizer. A com-
pression five seconds apart sufficed to keep the head of
" the animal in a constant cloud of smoke. About tea minutes
~after the completion of inhalation, the animals were put to
‘death and skinned. Dissection took place in the drop» ia~-
halation series.

In this case, too, Nenninger found that the bactori-
oid dust had forced its way into the deepest portions of
the respiratory tract. The number of colonies, however,
was considerably smaller than that in the drop inhalation
series, although in hoth cases the agar plates appear to
have a similarly dense growth.

Finally Nenninger conducted aspiration experiments,
in which he brought bacterioid liquid into the mouth of an
animals by means of a cotton wool swab, {e plugged bota
nostrils of the rabbit with cotton wool and wax. . The trachea
was pressed back several times until the animal was gasping
and in doingZ so inhaled the bacterioid liquid from nis mouth,
Tie experiment was completed in five minutes, and the animcli
wo.s put to death., The result surpassed all expectations:
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e the tep to the very finest intricacices of tlie respira-
tory tr-- .. a large number of germs was Ifound. Tais rend-
cred the ciroof that forced respiratory air which brushed
througia +thie mouth cavity could scparate drops containing
corms and carry them into the depth of the respiratory tiract.

mnn qurynx particularly olfrrs the opnortiinr
Pese Do ol en of drops. Sccredlicn loalows thie sonn 0o
TOTY suxciai, vael exspiration cffccto o durtizz ol The Lol

’ inhalation stream, provided it finds sufficicatly
nin seerction, ca511y separates the dropr and carries tiacn
Lot the depth of the respiratory tract., The drops, however,
siiould not be too large, otherwise protcctive refleixes zuch
a3 coushiag, saeczing, and so forth, setl in., The conteav

o7 pathogenic germs in the mouth cavity points to zZa liinor-
taiut scurce of lung infections. As Birch-Hirschield stircess-
¢d, the mere prosence of germs in the lungs does not stord
o indoction, A local disposition is necessary., Tais ap~
piios poarticularly to certain bronchi at tie top of tac
Iuax. Tholir unfavorable position in relation to tho wain
broschus and the trachen mankes them particularly pronc to
the scitlcment of secretions and of foreoign matter from tie
outside, such as infectious dust particles. The bLronchici
mucous membrane must be damaged or its resistunce impaircd
beilore a tuborcular infection may develop.

4
o ihic ocutuide, inhalation to the inside. To be more speci-
i tas

I

Similar experiments using Barthel's apparatus were
concducted by IHartel and Herrmann at the pathological-uno-~
toadcal institute in Vienna (Prof. VWeichselbaum). These
scientists did not subscribe to the idea of aspiratioa ol
ligquid particles as found in the moutir and pharyn:x:, and bc-
lieved faat the germs found in the lungs stemmed onily from
the drops suspended in. the atmosphere.

Foliowing the lecture held by E. von Behring at tic
convention of German natural scientists and physicians in
inssel in 1903, and the research done by Calmette in France,
unsurpassed importance was ascribed to feeding tuberculosis.
The widespread opinion arose that phthisis is cnused not by
the inhalation of tubercular germs, but rather through either
a dircct intake from the mouth and pharyax, or, following
direct swallowing, through the intestine. Von Behring maine-
tained that tuberculosis originated through the intake of
nourishment containing tubercles into the intestine itself,
or if n« inicction erupted here, tinrouzh The passage of

“buuu Leom the stomach lymph glands into the bronchial
a3 ond the lung. Cochquchuly, it oppeared necessary
o Luub¢bnnc conparative study oi fcedinz and 1nhalatlo“
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—tuberculosis. Findel and Kuss rendered valuable contribu-
ticntia'this respect.
e R, Beitzke took a critical stand to the view of
ﬂerCu Bucercular infection from the mouth and pharyn:
hiag L'Jjﬁ% Startiag with statements of variouz autiicys
Lo **‘vt" ﬁ;a'uh“t aerogeanous infection played o ninis °
roein, Lt Lyled to discover whetiier an infcction path 4.
indeed cdist ircnt the mouth and plaryn: over the lympu 7 nds
‘of the neck to those of the thorax, that is, the iymphs o
‘the lungs and the bronchial glands. Having observed zn
‘experimented with dissections of children, he concluded tiant
‘Ho. lymphatic patas led from.the cervical lymphatic gland
‘¢chain:to the bronchial glands, and that a2 tubercular infec-
tion of the lungs coming from the lymph glands in the neci:
could pass only through the upper trunci lymphatici, veaous
angles, ‘cava superior, and arteria pulmonalis. The infcc-
tion of the lungs or bronchial glands in a ch~1d was causua
by the intake of liquid particles containing germs. Tho
origin of thege liquid particles should be traced back to
the intake of tubercular foods or infections caused by diit,

)Jp

inTo

Findel, who was working in Flugge's institute in Bres-
lau, first had trachotomized calves and dogs 1nhale tuber-~
culur drops, intending to prove that the. infection had in-

.deed originated directly through inhalation, rather than
through the secondary ways cited above.

. For this. purpose, a thick rubber tube was pushed 23
far as possible into the inner tracheal channel of a traci-
eotomized calf, A large tin funnel was set on the outer
end of the tube, A Buchner spray apparatus was placed at
equal height in front of the funnel. Its outlet tube wos
connected tiarough a rubber tube to a glass tube which led
into the funnel, enabling the fine mist penetrate along with
the inhalation stream. Exzperiments on tracheotomized dogs
were carried out in a similar manner. TFor the sake of cou-
parison, the animals were fed specific quantities of nour-
ishment coantaining tubercles.

Even these preliminary tests showed that the inhala-
tion required considerably less than .14lmg = 4,900,000
bacilli to produce tuberculosis in the entire lung four weeks
later. On the other hand, the feeding of 172mg = 6020 mil-
lion bacteria had not effect whatsoever. -

In tiie actual experiments without tracheotomy, that
is, without a sharp separation of the two infectaion paths,
tiac *udu*“uIOA infection showed similar positive results.
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Taz qzﬁs'atus for thc inhalation was co"atruc:ed wRTn

-as s

“ta uicy of DPrcfi. Reichenbach, and iz reproduced Ia Aisgrii.

- v-\)
§. The ~irrancement. is based on the pr1nc1ple that the ani-
mals inkaile Tfrom an air current which increases wita coaseliud
veiceity. The bacteria coanceantration renaians constanv

Tareousiioul Tz cxperiment.

Diagram 6., TFindel's apparatus, reprinted Ifrom
TFindel, H., 2Ztschr. f. Hygiene, No
57, p 125, 1907

The nyramid-shaped inhalation tower (1) has a roun
attachment (&) at the top with a thrice-bored rubbder gu0p~
wer. From here, a tube (g) leads to a strong water-jet
pund, o second tube (h) to 2 manometer (c), ”Jd a ti.rd
tuve (L) to a large aspirator (6) which can drawv any de-
sired cuantities of air from the tower. The bacterioid
mist is produced in a Buchmer type spray (2). It is set iz
operatio a by a bicycle pump with the aid of a 3-liter vocliume
fiask serving as a wind chambexr., Close to the bottom, tlhe
spray passes into the tower (b). The 2ir containing bacter-
ia rises slowly in the towver and exits at the tops through
the cir pump. The punp is set to iicep a constant pressure

of 20mm water jet in the tower. If the presure is mointain-
ed coastant and the quantity of zir fed through the spray
the same iﬂ tihae unit oi tine, then the velocity of the cir
SUNrenT a: with it the bo cte ia content ia the unit of vol-
wie also reuain constant.

Th2 ~uinea pigs ar e piaced in a cylinder (y) to malc
C thav tucy are allowed to breathe Ior an cccurately

ey
—t Ak

|
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maazured vweriod of time., A rubberized air-tight cover I
svor the back cad of the cylinder. The front part has a
basket-~like wire arrangement (a) to hoid the animals insic
~The upper third of the tower has iwo opeanings (d, d'), oo
of which may be covered with an air-tight cylinder to aililow
the guinez pig's head to protrude into the cylinder by scv-
eral sentimeters.  Glass ponels (e) are installed at thow
heigit te allow observation of the animols during the cii-
periment. <There is no danger in inserting or removin; Giie
mal containers oxr of loopholes in air-tightness &s lony &S
a‘negative pressure prevails in the apparatus. For this
reason the negative pressure had to be controlled and main-
tained constant. o '

.
.a

' Since the spray used very littie iiquid, the appart-
tus was kept in opcration for hours without difficuliy, .-
Towing - great variations.in the number of bacterix inbhalea.

v,

Tae aniiniszs in the apparatus were totaily relaxed and brenil-

ed under completcly normal circumstances, There was abso-
lutely no trace of "forcing" bacillic mist into the lunge,
in order to find the number of tubercular bacilili in~
haled by a guinea pig, the germ content in the doposit of
‘the Buchner spray and in the lungs of a2 guinea pig, or taat
in the Williams tube (7, 7a) was determined. The findinzs
showved that per one liter air the two William tubes caught
one 12,000th of: the germs in one cubic centimeter of the in-
halation. On the other hand, one 14,000th of this germ cuaki-
tity passes into the lungs of a guinea pig. Further study
showed that the upper part of the tower contained only 25%
of the germs which had passed in through the boittom. Coa-~
sequently, 75% are lost during the rise in the tower.

The method outlined below was used to produce the in-
halation solution. containing tubercles. One hundred MG of
a four-week-old tubercle culture were mashed most thorouzghly,
first without water, then with 2 drop-by-drop addition of
sterile distilled water., This was done in agate mortar and
increased to 20cc. Thus a cubic centimeter of liquic con-
tained Smg of bacteria culture, that is, 173 milliion bacilli,
Findel determined the number of bacilli following numerous
counts in cae weight unit. The result was as foilows: one
milligram of a tubercle culture raised on bouillon, which
had been freed from superfluous fluid through pressure ap-
plied with a platinum spatula, contains 35 million bacilli,

The deposit mentioned above was successively thinnon
in subscguent experiments, The smaiiest dosage usced seiid
)
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contrired L, i0Tnx=4,375,000 bacilli peor onc cc of atomizing

’

Lie is, 313 bacilli per one liter az2ir (if the ap-

* purnthz soccved L11 ce liquid in 10 miautes during the nos--
oo o0 LU iiters air during that period). Tiner grada- .
Lions Ln Lo number of bacteria inhaled were achieved tnrough
artonn me.ourenents of the time of exnosurce, In onc ol
rents, one cc contained ,0:if atemizing Liuld
<

SR COD. Ll s

53,030 bacilii., Trhus, cae .2y ©

e o

111 designed for feeding werc recmoved irom the
bea. The expelled laevulous colution was nixed
with carrots and given to ithe animals aftexr

n kept hungry for 20 hours., 1In most cases taz
.cn up. The dosage surpassed that in inhalaticn
contained between 19,060 and 322,000 Gacill:z,
1% animals received the entirce dosoge ot onc
wis given to the nine remcining guined pigs cn
ivo days.

Bighty-three adult guinea pigs were us

e liddnny coneoriments. They inhaled dosuges o 1; ng fron

<0 o 200,000 bacilli. All animals that had reccived over
Ca bnecilii ond did not die during the first 28 days of un
intercurrent disease, showed a heavy, macrosco: *cully Vigi-
cle tuberculosis. After 28 days, tuberculosis had locaiized
alnost exclusively in the lungs and the broachial glands,
walle only the spleen contained solitary tubercles. After
30 days, the tuberculosis had spread through all the organs.
Of the six animals that had received snaller dosages ( hr*
ua1xuls 40, aad three animals 20 bacilli each), only two
.owe an 1n;ect*on and macroscopically visible changes.

ae **n*uely lethal dosage for adult guinea pigs conicin-
zd wc:.l.u, naller dosages up to 20 bacilli oromiced
o

d in the in-

)'l fJ Q

inite results. Findel was of the opinicn that oxne
s suiiiced to infect very young guinea pigs.

[ P‘]
b6 0
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G
G
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Josages of 19,000 to 382,000 bacilli were used in

the fcedings. None of the iourteen ziimals showed changes
taat could be described aos being tubercular, although taey
were obscrved up to 174 days, The lethcl inhaintion dosage
was 1/6000 oy the ineffective feeding dosage, and ~Hat which
led to an iniection amounted to 1/19,000.

Xuss, who also conducted comparztive inhalation znd
fecding CIDC;lmeﬂt“ with tubercular bacilli, used the appar-
UG L.aovwa an diagram 7,
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Diagram 7. Apparatus by Kuss, rceprinted iron

- Kuss: VI. Internationalce Tuberiu-

losckonIcerens (Sixth lnticraational
Tubcerculocis Confercace), Vicnna,
19-21 Septcmbexr 1907, L. Mosse-
Verlag, Beorlin, p 80, 1lu0Y.

A Guct tube (B) is attached to a l.rge tin box (L)
with a volume oif 152 liters and an observation window ().
A coantainer (B) is attached to accoumodate the animals.
The atomizer {P), which operated at three atmospleres wlLso-
lute pressure, sprayed 4 cc at ar air passage of five iitcrs
per mianute., The air exits from the iunhalation box throush
tube connection (s, s'). Two guinea pizs sit side by cide
in the containers (B), with only their heads reaching it
inhalation box. At the time of exposure, closure (G) iz
raised and the back wall (t) pusihed to the £front, enabling
the licad of the animal to reach the box (A). The guinca
pigs inhcle the bacillic mist uader normal circumstanc:o,
During the entire inhalation process, the aspiratory (F,i')
sucks the air from the inhalation becx (A) tuarough a tube
(C-C') which starts between the heads of the guinea pigs.

A portion of this tube is of glass and stays in the animal
container. It is filled with carrot pulp (9g to the lengtih
of 12cm). This filter held back all particles of air which-
had been sucked in, In addition, the feeding of the infect-
ed carrot substance provided the opportunity to test the
virulence of the bacteria which had travelled that distance,
and to compare the dosage required for an oral iniection.

RN

The experiments on guinea pigs were first conducted

wvith soot and Indian ink, then with tubercle culture deposits,
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I o cunditions are necessary before tuborcular o _
! sooent doon ouonnimals may be applicd Lo tubercullr coninie !
: icie. 2. Lo ruwmans, namely: 1) the infccted drops shoul:d |
e ianaiat ©or only a short period of time without czporing
e anincTa e e direct atomizer jet; 2)  duriag the toale !
Soe vosise, o0 Jnust the same quuatity of baceilii mhoul”
sl e U aainlation chanber, fiitorcod, cad doa 9
' i ©osio, uss discoveresl wiint tihie indialatican o0 -
coTo e i wvirulent bocilii Liuays couLod uboescuis L8

ox the lung. Under sinilar conditioas, iulhalatica L5 inle-
nitely more ecffective than oxral intalke or even sudcutancous
injection, Tuberculosis causecd through inhalation ccomes

. frem the air. Bacilli which settle on the pharyn:x during
innalation and are then swallowed play o secondary role &s
wisease agonts.

Toliowing Findel's resocarch of tae inhalation ol iu-
varceles in iiquid drops, Kohlisch (also a member of I'lugra's
inat: tute) oxporimented with the inhalation of dry tubercu-
Lax dust ‘190s), His primary goal was to clarify tho effcce-
viveness . Gust infection as cowmpared to érop iulection.
rurtheraore, ho wished to detormince the percentage of tuboer-
culax dust that is lield back at the entrance to the respiui-
Tory tract &ud the larger bronchi, and the perceatage tacT
wctunlly reaches the finest bronchi, and the number oi tubor-
cular dust particles necessary to produce tuberculosis.

Initially Xohlisch used a sprayer waich is reproduced
in diagram S. »

Gloss funnoels are attached to the top and bottom of
a tin cyliuder (A). The guinea pig sits in a vox (B) which
closes ot the front through o wire screean. The dust is
driven from the U-tube (C) to the apparatus by fan (D). A
novable tube (B) makes it possible to raise thne dust, which
settles on all surfaces and in all angles. A hose (F) con-
rnects the apparatus with a 70-liter volume tower containing
vater., This water is drained at a speed necessary to draw

e i i e St S ' i

thw 2ir coantaining dust from the apparatus (&) throuzh ster-
iie cotton wool filters (G). The end of the suction tube
is closc to the nose of the caimal. At the top of the upper
glass funacl, there is another cylinder () containing cot-
ton wool to catch the bacillic dust as the air escapes.

Zohlizsen used dust from a cotten mili, This dust con-
Liatod mniuky of pulverized particles frca scods, cotton i~
Love, ond o auamber of fine elements that could not be oe-
St e s S Tiied, It was impregaated to thie point wihere I o3
o Cuieve aiivw 220 million spores,  Dvery ciperimeat lnstod
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SiLgram &, Spraying apparatus used by Kealice..
E in the first series oI CZpCTlanlu,
: reprinted from Xohliscli: Liuchr.
Hygiene, No 60, p 513, 1906

ten minulios, and with the aid of botha fong a thiclk cloue

oi dust wis maintained in the apporatus throushout. Wug
animal woo put to death immediately after completion of (ac
experimeat, The lung was removed, weighed, nashed in mootal,
Zlooded withr bouillon, and poured out on gclatine plcotes. :
A similar procedure was applied to filters and cotton wool o
stonpers., After sufiicient growth had occurrcd on the plates
(approximntely. 48 hours), they were counted, and the ratio
between gearns in the lung and in the filter wos determinea.

Lesults showed th“t on thae wvera 3* 7% of the gorms

contained in one liter of air reachied te lungs. Tais wou
. cefinitely less than in experimcents with sprayed drops, vheie .
. on the average 35% reached the lungs (Findel). The mininum ;
ce¢ffective dosage was also considerably higher in dust infec~ :
tion thar in drop infcetion, While the latter requircd ap-
proximately 60 bacilli to start the infection, 260 bocilli
were necessary for a dust infection,

-

I{ became apparcnt during the exveriment that the

) anparatus needed improving in some respects. The cloud of

1 dust, for example, did not last long cnough in the apparc
When smaller quantities were used, it was driven after hala
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o (D). A change of suction filters showod tiat duriag thc
| é . oimatly and ninth minute the number ¢f gorms o be filterud
‘ i decsursed to less than 1/10 of thozgo durine the first
i uinute, Witk Prof, Reichenbach's help, Kohlis.a improved
; tue sprayer by constructing the apparatus showa iam diapran O,

oLLLULe I the esceaping air into the cotton wool ia cyliin~ .

e o TR . s e T
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Dicgram 9, Improved spraying aspuratus by Lon-
lisch, reprinted from Lohlisch:
Ztschrf, I. Hynmiene, No 6G, p 5§19
1908

(i) iz azoin the brea hxn" ch,nbv“' however, it -
ius oaly one funnel at the top. At the bottom, it moy be
ciosed horizontally. It is screwved to tle table. (C) iz mn

clicctric motor driven by an accunulator (J). The extremcly
iong uxis of the motor pusses through the funaei and closc
to the bottoa of the box. A wind wheel (E) is attached to
<his end. Tais turns clockwisc, raising the dust from bot~
tom to top. The motor is supported by ctands (D). The hose
(F¥) passes again to the watcr tower. Tarough it, air is
suclied {rom <che apparatus theough filters (G).

Initially this apparatus failed to impirove the re- : .
sults, This was ascribed to the dust used. In respect to
suspendability, the cottom dust was composed of differant
clcments, The quantities of dust suspended varied constant-
Ly, c.usian aifferences in the motter inhaled. In oxder o
i;iiate adneur2l conditions, a mixture of apartment dust and
fime cii-th Yibers, obtained by pulverizing a haudkerchief,

.5 uses for iahalation in the following series of exnerimsnla.
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'The resu;ts-once again showed the supe‘lor ty of drop in-
fcct;on : .

: vv_*'Whl&O tubcrcle bac1111 whlch reached the iunss in
crop Ifors nimost without exception caused tu bercu;os*¢, onsy

L)
a rairtivelwr small fraction of dust bacilli achieved tao
sane clloct, Yhe difference was explained by the Izt Th
c¢ust pariicles, which settle on the wail ¢f the bro . L.
zet os an irritaant to set off vibratic: whden Laowvu o
nove Lhom bolore the bacilli have a chnl o 1o Iwed Lal T Ly .
from the nmucous and are capable of causing H“hho 203C CiL RS,
Alwo, the process of drying and pulverizing nuany Lave <o .

Lol -

a2 vortind .~~‘ cning of the tubercular bkacilli. The Zig.
'c“o el awicus containing baeilli, however, imnediatoly . 0 -
gies witn the broachial mucus, which is o2 ihe same consilz-
tency. TFor the same reason, »he drop dces not sct odli vie
bration duc to irritation, and the tubercie bacillus ¢~ i -
nedinvely ~- undiluted and fully virulcent -- cttack ta -
u»pocting epithelium, Dust particles are more likcely .o
be drlven upwards and swallowed. In addition, duc o thaeir
relativoly larpe diameter, dust particles ofter romain in
the nagal and pharyngeal region, making the infeetion of
iympa glands in the neck possible. Ti2 swallowed portion
of tizse lulorcles seldom suffices for za intestinal indec-

o E o iy
ohllias e

in liator years, B. Lange reviveé the entire nreciic
of acrogenic infection of tuberculosis. He eaperlmuav,; oa
animalis and test tubes for this . purpose. There are threce
publications dating back to 1925 which we intend to discuss
in some detail. Together with K. H. Keschischian (1) Laxzge
in his first publication thoroughly treats the importiaznce
of drop infection. He is particularly interested in wiai
guantity finest drops and dust are capable of penetrating
into the iungs after having been inhaled.

With test tubes he studied the ability of drops ang
dust contucining germs to pass through angular tubes of vuri
ous widtis.

The apparatus was similar to that of Findel and Xoh-

lisch, A fine spray of bacteria or suspendable dust of 2
bacteria and talcum mixture was passed througi: a bent glass
tube, under moderate pressure in the lower portion of 2 tin
tower with a square bottom surface. The spray apparatus

(¢’ sir "> to the Buchner spray and the otner a glass fir::
Bl Lo xilled with dust) were situcted -- as tkre iazal..-

TLoL Jvlor == in an air-tight glass box

[
Q]
!
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Weak suction (1 liter per minute) of a water-jet pump
drew the uir from the top end of the tower. It passed '
through 10-20 cm long spiral glass tubes, 10 or 6 mm in
diameter. An Erlmeyer flask was placed between the glass
tubes and the water-=jet pump. A solution of NaCl in the
flask and cotton wool filters in the draims served the pur-
nose of withholding all germs. The drops were to be caurit
by a holder on the bottom of the flask in order to deteriiae
their size and density.

Every stroke of the airpump brought approximately
1l cc to be atomized. In addition to the smallest drops of
2-20u, there were large amounts of drops between 20 and
100u, as well as 100 and 1000 u. There was no differecnce
- between the related media in relation to the size of the.
drops formed; only the absolute size of the smallest drops
of 2-20u, there were large amounts of drops between 20 and
100u,. as well as 100 and 1000u. There was no difference
betweer the related mediz ia relation to the size of the
drops formed; ‘only the absolute size of the smullest drops
was smaller with the application of fluid containingalbumen .
and sputum than with watery eosine soluticns,

Since the conzistency of sputum is unsuitable
herewith., 1) it was determined up to what size the drops
may be in order to be taken by air currents from their
course and driven to a specific cavity. 2) Was it possi-
ble to determine the size that enables them to overconme

stroag hindrances? 3) Beyond what size could they no long-~

er overcome light hindrances? ~- Even though these experi-
mental conditions cannot be applied to humans in their en-
tirety, we do obtain an idea of the quantity of cough drops
ichaled by a human, and of the extent of penetration that
should be taken into coasideration,

Preliminary tests of the floating capacity of spray
drops supported Chausse's findings. After several seconds,
all drops over 200 u fell to the group; after several min-
utes, only drops up to 20 u, and after hours, only drops
of very few u in diameter had remained in the uir. The
smallest drops could still be seen in the air cne to two
hours later. The bulk of the cough drops, however, ranges
in size from, 100 to 500 m. Even the smallest bronchial
drops are supposedly never smaller than 10 u., The floating
. duration of drops coming from a Buchner spray was estimated
at several hours; broachial drops, however, remain sus-
pended in the air only several minutes. Their capacity to
fly is algo limited. A holder placed at a meéeter's distance
from the coughing person, barely manages to catch any drops,

e e R

r———— o, e e

i
AR T———y

it

d

PP SRTI




~ The flying capacity of spiy drops, on the other hand’, is
unlimited. According to Flugge, air currents of only a few
© milimeters per waconLd - iffice to carry them off. The de-
flection of drops Ly ar air current (4m per sec) which cor-
"responds to normal inhalation air was also tested with the

.‘ﬁﬁ alid of various glacs tubes. Depending on the angle betwe2n

the axis of the coriczl sprayer and the giass tube, drops
of varying sizes wvere deflected, If we apply this to humans,
it follows that larger drops can be inhaled only if the force

"ot cough reaches the open mouth directly or the nostrils

from below.. Drops over 100 u, due to their size and weight,

'+, should not penetrate beyo~d the front part of the nasal ca-
“ wity or the. back part of the pharyngezl wall, The filtra-

: tion of drops through glass tubes was more marked if the

: 3?ﬁ?,-trca- contained more hinderances. Greater air velocity
1 .. showed incromsed retentiveness on the part of the text tubes,
,&¢ most likely caused by the stronger explusion of drops.

o1 i LA

In applyini these conclusions to humans, the fact

7. . should be considered that the hinduriuces to ths upper res- .
“~- .. piratory tract are without doubt larger tLau thoge iz <k
i glass tubes, In addition. ths rprelimipary tests iatsacion-
' ally eliminated a number cf instances wihi:h would m.ls tho |
.. passage of drops through the glase tubes du2ficultl, For ex-
* > ample, the spray was directed straight to tus cpening, and
"the axis of the sprayer camo together with the pxis of the

“! glass tube at the initial points. Finally, only tcose fig~

: "f“ﬁjuron may be used which wereo obtained uvsing tke veleocitly

" that corresponds to normal breathing. 8Since drops up ‘G

" 20u passed even the finert tubea, it mey be assumia thav

NI hEi SR S A R UL U R iR aledibb b et i

{fjcoagh,drope of similar size heve the capazit) to peneirate .
+right into the lungs. e ' :

- Following these preliminary tests, experiments wvere

e ‘conducted on guicea pigs. Llange and Keschischian wanted to -
) - determine the number of inhaled germs that peretrate into -
-7 the lunge and the number retained in the upper raspiratory

i tract., The apparatus used initially was the asrangement

described above, consisting of a gluss box and s, Buchnex

. - - sprayer, :

. The animals were placed in the glass box so that the'
spray or the dust could not reach them dGirectly. After the

¢r3: 1>conp1ot1on of the experiment, they were put to death with
.- " chloroform. The mucous membrane of the nasal and mouth ca-

" vity (and tougue) and the trachea, were carefully removed.
- Each mucous msmbrane was separately cut into pieces with
scissors, mashed in a sterile mortar, and flooded with Scc
.. . of KaCl solutioa. The upper section of the lung was sepur-
"ustod4£ro-{$hgﬂlo-gr,-octlogyithny were cut iato small pieces,

Y l',.’u'e.:’
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_ lung sections.

each mixed with 10cc, and mashed as avenly as poaiiblo.' The
lungs had besen fresd from the bronchi branches whennver it .
had been possible. The subutances were poured out on sep-

. arate agar plates, kept for three days at 37°, und then tho

gerns were countod.

Floats of anthrax snd subtilis spores or mixtures of
dry spore substances ard talcum were used in the spraying.

, As regards the upper respiratory tract, this method
renders only partially useful results. The figures obtained
. . represent minimal values, Nevertheleas, it was not unreasoa-
.. able to expect that if the retention of germs showed consid-
~ erable differences between moist and dry atomizing, they
would have to be brought out by this method as wsll."

Polloving & large number ¢f experiments, Lange and

' Keschischian det termined how many of the inhaled germs (that .
"is, germs found in the mucous membrane of the upper raupira- Qo

tory tract, the mouth cavity, and the lungs) on the svora;c AR

. .were to bo found in the lung alone, Both moist and dry .
- atomizing shoved 50 per cent. Thim figure is most likely
. "too high, for the bacilli settling in the upper rolpiratory
© " tract were included only in part. It is certain, however,
-...that the inhalation of even the smallest amounts of germs =~ =
. permits a relatively large portion of these to penetrate - - -
-~ into the lungs, without any 3s3ential differences between
- . drops and dust., The germ contont of the individual lung
- sections usually variod, yet the differences were never

regular oncugh to be considered in favor of a particular

...~ section, The fact that the germ quantities obtaimed by
. magbing the lungs did no{

‘eome from the bronchi is certain -
bacause the hilus cuts did not contain nore goru- than the

Ml
In another series of experincntu, the -nthod was i--

. proved by placing the animals in the inhalation tovor (ct

Findel and Kohlisch).

Air containing germ drops and dust was ngainlghannel-

' ed into the inhalation chamber described above. The spray °
or dust was produced by 20 to 200 strokes of a bicycle pump,

distributed at 20- to 30-minute intervals. During that tm,'

" one or two guinea pigs inhaled the air Znsmide the tower,
- Findel had fixed them in a cage mso that only their heads

were in the tower. Their nostrils were about 25 cm over
the spray mist and the dust on the bottom of .the tower,

- 81nco .11 lnrgtt"drop nnd dnst" pnriiclo. hndA-ottlcd on fu
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th angles of the glans tube and on the botthn "o! the tower,

o only a2 mist composed of the very smallest drop rose upwards

L to tue animals. A glass tube 8 ma in diameter was located

AR 'oppo.ito the heads of the animals. This tube sucked the
o0 ade from the tower by means of a water pump taroughout the

1 experiment, snd channeled it through an Rrlmeyer flask con-
- taiping 30 cc WaCl solution. One liter of air per minute
pt.l&d through this arrangement in sxll oxporinontq.

Colical buctorin &nd hay bacillu- spores were used
tn the spraying, a mixture of dry hay bacilli and talcum in
" the atomising. The breathing volume of the guinea pigs
‘{300 cc) was used &3 the basis (for the 3ake of simplicity
. 1/3 lttor) to calculate the entire nnount of germs 1nhuled

After completion of the experiment, the animals were
put to death chloroform. The lunga re-oved mashed . in mor-
tar, and the tissue float set up in cultures. The same -

“-otbod wap used to detsrmive the germ contsnt of the wash-

,,’ water, including the NaCl solution used to rinse the test

tubci and the rinae from the cotton wool filter.

s Some of the variations:in figures may be explained
+ by uneven hreathing on the part on animals of similar size,
.. 88 woll as by:the fact that animals do not breathe calmly

j quietly in their cages. In addition, the degree of dryness
{ plxys an important part in dust experiments., It is a known
.fact that even a slight rise in moisture leads to lumps of

~ ‘Just particles, diminishing their suspension capacity.

’, ‘A‘ The ratio of germs which penetreted into the lungs
- to total germs inhaled with moist atomizing was 7:30% (ave-
L rage 21.5%), in dry atomixzing 3:25% (average 12%). This
shows that witn the same number of germs inhaled, those at-
- tached to drops reach the lungs in amounts twice as large
J; as those attached to dust, Similar results become apparent
. in test tube experiments as well. Thesme experiments, how-
", ever, abould not be used to draw the conclusion that under
= natural infectious conditions twice as .many germs reach ,
-+ -".the lungs with cough drops as with dust, because cough drops
".-are almost exclusively larger than those in the spray.
) Experiments whare guinea pigs wers coughed at by con-
lu-pttvo patients were expected to clarify the question
'hothor the imhaiation of coughed-up drops and their aspira~
~tion constituted.a factor under naturetl conditions of infec-
tiol, jhilq;. llnhor ozlo.rltor uctonstst. luccoodcd in E
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.. least they are mlowed down considerably by the resistance
- 0f air. The weak inhalation stream can draw only those
, .- small particles into the lung which accidentally reach the .
© immediate proximnity of the nostrils. In the inhalation

* the smallest drops directly past the head of the animal, R S

,‘:;f experiment, Lange and Kreschischian found only primary tu- .

7 :2":to the point indicative of a general infection. It should
. be considered that a guinea pig needs only one bacillus to
- produce primary lung infection, and that according to ex-
perience, the receptivity of a very young child is very
.. .close to that of a guinea pig. According to Lange and Kes-
--. chischian, primary infecticn caused by the inhalation of
... cough drope is poasible but rare, because contrary o Flugge,

. mately 10 to 20 u in size, and only in cxceptionnl cases
" those up to 100 u, are of any coansequence.

-possibility of communication, the dust infection, is of con-

f”brto!ly, ,1

e gy

'havinz guinea pigs infected by placing them in a box and

having them coughed at through a tube, the matter became

', more complicated when, in an attiempi to reproduce natural
‘infection conditions of humans, the animals were free in a

room opposite a coughing patient, The poorer results ob-
tained when the animals were exposed in free space may have
been caused by air currxents which immediately swept the !

- smallest drops away from the breathing space of the animals.

This instance, however, cannot be of decisive importance.
Lange and Keschischian b2d also obtained bad results when

- the auimals were left loose, in spite of the fact that the

experiments took place in a small, air-tight rcocom, with
static atmosphere. The weak air currents used in atomizing
should have directed the smallest drops toward the animal
instead of deflecting them. The chief difference is more
likely caused by the fact that the most infectious small , ]
drops have very little tractive force. Their movement in .
the original direction stops in a very short time, or at . .

tover, on the other haund, even a weak air current carries

Since’ only the finest drops are used in the tower

berculosis in the animals. The neck glande had changed oaly

they believed that only the smallest cough drops, approxi-

How can the frequent occurrence of lung infection in
children be explained? They can probably also be traced
back to an aerogenous infection. For ihis reason it is ne-
cessary to determine to what degree the second aerogenous

sequence in this regard. Together with Iovoasellky (2), B. H
Lange studied this proble- eoxtensively. In one of the first '
experimental series, he let guinea pigs inhale tubercular

sputum in- troo lpaco.u WQ 1ntond to ncntion tho -athod only
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The atoRising substaics vas & =t=tur= of talcum and

" dry tubercular bacilli (bovine culture G. A.), 1/10 mg tuber-

cular bacilli to 1 g talcum. 100 mg of moist bacillic sub- .
stance were dried in an open container in an 1ncubator at

"{}31' for 34 hours.

Air was blown by two strokes of a bicycle pump at an

. inerval of several minutes into a glass flask half-filled
» with the dust mixture. The dust raised forced itself through
', . a rectangular glags tube into a large, carefully air-tighten-
- od space, .-

As mentioned in the previous work, four guinea pigs

*l were placed o:h. pedestal 30 cm avay fro- the opening of
. the tube, so t

their nostrils had to be hit directly by
the cloud of dust. This arrangement allowed larger parti-

" cles, in addition to the small onaos, to enter the breathing

space of the ahimal, Theexperiment lamted 10 minutes. Some

. animals were put to death immediately, others iasted 10 min-

utes. Some animals were put to death immediately, others

. several weeks lator. In both cases, an infection h: 1 been
. 'f.o!tootod _

In the second series, the guinea pigs were exposed

' to bacillic dust in the inhalation tower in order to deter-
" mine the minimum amount of bacilli necessary for an infec-

tion. The attempt was made firat to determine the number

.%’i'of bacilli present in the inhalation air, and then the num-
“ Y ber of those that bad actually penetrated into the lungs of
"_u the animals.

'5Tho above-mentioned method was used in channeling the

...~ dust, exposing the animals, and so forta. However, the NaCl
-+ .. solution containing all germs from the air which had been
*".. drawn from the tower during the experiment was injected to

guinea pigs in graded quantities instead of being cultured.

"'fTho tubercle bacilli came from a& three-week-old bovine cul- -

ture; they were dried for 24 hours at 37°, mashed in mortar,

- and added to a specific amount of talcum powder. The death

of the animals occurred four to five weeks later.

Both experimental groups showed that a lung infecticn

. is easily achieved in guinea pigs through the inhalation of

bacillic dust. The prerequisite is merely dry dust and a

. gufficient quantity of tubercles in the dust mixture. Neith-

exr should the bacilli be. killod or hadly dalnged by unnat-

- urul drytngvproceduro.._;;;




At firat glance, the quantity of bacilli contained in
one gram of talcum powder mppears very large. Howavar, as

proved by the results of air suction, only a very small Zrace.

tion passes with the «dust into the air. The larger portion
of bacilli clings to larger particles which settle on the
ground in a very short time. The portion of large particlsa

" 0of dust is certaipnly considerable, The inhalation experi-

ments which used bacillic floats in the spray required a xe-
latively large dosage of bacilli per 1 cc liquid,

If we compare the artificial dust experiments with
the apray experiments from the point of view of bucilli con-
tent in one gram or one cc, it is gsafe to state that the
spraying of small amounts of baclilli is more effective than
dry atomizing. This is no doubt connected with the fact that
bacilli cannot be distributed as effectively in dry dust as

in liquid; and 4in addition, a considerable pumber of bacil~ -
" 14 perish during the drying process., This deficit of bacil-

1i in dry dust is compensated for only in part by the larger
number of bacil]}i contained in one milligram of dry cq}ﬁugo
substance, AT

. In the experiments where the dust was developed in
free space, larger particles came into action in addition
to atomic dust, Accordingly, a dissection of 9sxposed guinea
pigs revealed not only primary lung tuberculosis, but also
partial cervical gland tuberculosis, and in one case even
primary mesenterial gland tuberculosls. Experiments in the
inhalation tower showed that only a few isolated germs were

. necessary to produce primary sources in the lung. In one
. caBe, 12 bacilli started two primary flocks, in another case

22 bacilli initiated five. Subsequent experiments showed
similar results, It must be concluded that an infection may
be achieved in guinea pigs even if only a few isolated ba-
cilli penetrate into the lungs. There are no facts to con- .
tradict the assumption that one bacillus of a highly viru-
lent culture is capable of producing one lung tubercle. Con-
trary to Kohlisch, these findings placed the minimum effec-
tive dosage much lower, while Findel's figures for bacilli

- floats (26 to 50 bacilli) are much higher. These differences

are no doubt connected with the mode of calculation. How-
ever, these experimental results are in full accord with
Chaugse's view, namely, that a asingle inhaled bacillus both

" in dust and in dropz can cause an infection in the lungs.

It was previously pointed out that 21.5% of the drops
in an artificial spray penetrate intoc the lungs., At the
same time,. it was pointed out that this figure should. not
be applied without reservation to drops in the cough., The
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B portion ©of cough drops which reaches the lungs is definite-
.1y smaller, since even thée smallest cough drops which have

been obsarved so iar are larger thar the spray drops in-
baled in the experimeat. On the other hand, the figure in
dry atomizing (12%) may be used in dust inhalation under

‘natural circumstances, because dust of such fineness oc~

curs frequently in nature or in dwellings. Retentive difier-

- ences in drop and dust inhalation may be connected primarily
- " with the sise and density of the particles. .

¥o explanation was found for the fact that tubercles

"+, call pass through the lungs without causing coanges, B. Lange
. and Nowosselsky could not deny this possibilily.

It has been proven several timec that bacteria which

.’ -ara inhaled by animals in the form of fine drops or dust

cause typical primary tuberculosis in the lung. At times,

-however, this leads rapidly to a blood infection, and, if

the amount of bacteria inhaled is large, migns of a general
infection are discovered in animals put to death four to six

- weoks later. If in accordance with natursl conditiors smgll .

amounts of bacilli are used, four to six weeks after 1nh1132'343L

.- tion the animals frequently show no other changes but those s"-

in the lungs, broanchial glauds, and nerhaps tracheal glands.

,;% On® of the chief reasons for aerogenous infection is the
" . great reciptivity of the mucuous membrane oi the lung as
" opposed to themmaal cavity and tha iutestine, Several ba- -

©4111 sutfice to start an infection in the lungs, while
large amounts of agents are necessary Lo achieva a gimilar

- effect in the nasal cavity or the intestins.

Importaut parallels arise between inhalation tuber-

.. culosis in guinea pigs and the primary complex in childreu,

as described by Parrot, Kuss, Ghon, Ranke. VWe would like

i f_to point out in particular the severity of bronchial gland
" disease and the close connection tntween lung sgources and

gland disease. The picture of the so-called primary complex
in the guinea pig manifests itself most clearly in cases

- with one or a few lung sources. The tracheal gland is mark-
~ edly swollen and slimy. As the disease progresses and sev-

eral sources appear in the lung, the relation is no longer

. as clear. There are no principal differences between chan-

ges 1in tie lung caused by drops or dust. The fact that

'ﬁr. sometimes particularly large flocks were observed following

the inhalation of dry, pulverizaed matter may be connected

"with the isolated location of fine bacilli drops and the

fact that, in addition to thsse, amalil clusters of bacilli
may become effective in the dust. Lange and Nowoselsky dis-

" govered that the infection sources are located more frequently
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in the right lung than in the left. In comparison to the
upper and lower section, the right center smection was par-
ticularly often diseased. There was no noticeable priority

"in the upper or lower section. Primary sources were seldon
found in the apical portion of the upper section. The sour-
. ces were subpleural almost throughtout, snd were initially

grey with a yellow center. The consistency was obviously

~firm., Even this brief outline ‘ndicates that the primary

sources caused by artificial inla’ation in guinea pig. are
similar to those in humans,

In another series of experiients, B. Lange and VW,

A Nowosselsky (3) performed inhalation experiments with strep-

-tococci, pneumococci, chicken cholera bacilli, erysipelas
bacilli, mice typhoid bacilli, sud hay blcilli Spores.

The apparatus was essentiaily similar to ‘the one prew

' viously described, In a number of experiments, the mice
. were Lot fixed in a cage, but sat Ireely in a glass box, so

that the body wus exposed to the indirect spray. To deter-
mine the amount of germs inhaled irto the lungs, a counting
of germs i liquid culture ftollowing dilution took place in
addition to the plate method,

They found that various seprcicaemia agents which are

1-'high1y effective when injected can Ly no means infect to the
-same degrse Irom the lung. Only mice typhoid and chicken

cholera bacilli even in very small anounts are almost regu-
larly capable of causing a fatal iafoction. Highly virulent

- erysipelas bacilli infect ouly if several thousands of germs

are inhaled., 1In the case of streptococci snd pneumococci,

. . the effect of even very large quentities of germs was ques-
* - ¢iomnable,

Consequently, &n infection depsnds on the number of
germs inhaled, and above all on the natural resistance of

" the individual animals. It was generally observed that

"anpimal" bacteria are far more virulent than the most viru-

lant "culture'" bacteria. A greater effect of repeated in-

halation infections as opposed to a singular infaction could
not be proved, at least in the case of pneumococci, streptoe-
coccl, and erysipelas bacilli.

What happens to germs inhaled into the lungs? Since
microbes contained in the air are bound to penetrate into
the s~imal organism during the process of breathing, the
frequently-found sterility in the lungs of slaughtered ani.
mals must be caused by a highly efficient '"self-purifying"

. quality of the luugs. The germs -u-t~oith-r_bo quickly
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destroyed Oor eliiminaied irom ibw luugs, GSome vihus saprophy-
tes and even pathogenic bacteria agt in the same way.

Tho bacteriacide sets in rapidly, sometimes even at
tho moment the germs eator the lungs., Earlier sciencists
had already deter~inad that such s disappearance of germs
regts on assimilatiion in the lung tissue itmelf, ruther
then an elimination to the ocutside or intc the bronchial
glands,

A further criterion for the process of infections
is the presence or absence of inhaled germs in the blood or
ir. other organs at specific iimes following inhalation,
The *ressnce of pneumococci, ctreptococci, and erysipelas
bacilli has never been proven in the blood; this was only
sonstimes the came with hay hacilli spores. Advanced stages
of infection caused by chicken cuolera and mioe typhoid ba-

cilli, however, slways showold bactoria in the blood.

We shall discontinue at this point in an effort to.

" avoid an sxtended historical discugsion, &nd refer the read-

or to a final summary by B, Lange (4) in the handbook Die
Tuberkulose (Tuberculosis), 1943, published by Brauning. In

- addition, we would like to point out the chapter '"Pathology,

Ways and Bources of Infections,' by H. Selter and W, Blum-

... .berg in Handbuch fur pathogene Mikroorganismen (Handbook of
robes), 1928,

.- Pathogenic ¥i¢

OY 1nterest to us is the final

1.santenco, "Whether it is a direct infection caused by cough~

ed-up bacilli drons, or an indirect infection caused by dry
and pulverized cough droups, the drops alone always remain
the infection agents."

It should alsc be mentioned that in France, Trillat

(1, 2, 3, 4, 8) dealt in great detail. (1925-1938) with .con-
. - taglousnoss through aerosols containing bacteria and the
" problem of aerogenous immunization,

Hedvall wrote a chapter on the sources and spreading
.of infections in a handbook on tuberculosis published by
von Hein, Kleinschmidt, ard Uehlinger in 1958, He does not,
‘however, mention any new findings. :
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